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Successful isolation of graphene from graphite opened a new era for material science and con-
densed matter physics. Due to this remarkable achievement, there has been an immense interest to
synthesize new two dimensional materials and to investigate their novel physical properties. Silicene,
form of Si atoms arranged in a buckled honeycomb geometry, has been successfully synthesized and
emerged as a promising material for nanoscale device applications. However, the major obstacle for
using silicene in electronic applications is the lack of a band gap similar to the case of graphene.
Therefore, tuning the electronic properties of silicene by using chemical functionalization methods
such as hydrogenation, halogenation or oxidation has been a focus of interest in silicene research. In
this paper, we review the recent studies on the structural, electronic, optical and mechanical proper-
ties of silicene-derivative structures. Since these derivatives have various band gap energies, they are
promising candidates for the next generation of electronic and optoelectronic device applications.
PACS numbers: 62.25.-g, 73.20.At, 68.47.Gh, 78.67-n
I. INTRODUCTION
Layered bulk materials consisting of two dimensional
(2D) sheets which are hold together with weak, inter-
layer van der Waals interaction have been the focus of
interest for more than a century.1–3 With the advance-
ment of synthesis and characterization techniques it has
been possible to isolate ultra thin films down to a mono-
layer of these materials which became feasible in the last
decade. Monolayer forms of these layered bulk materials
often exhibit different physical properties than their bulk
counterparts. The first isolated 2D material is known
to be graphene, a one-atom-thick carbon sheet, with
extraordinary physical properties.4–6 After the success-
ful exfoliation of graphene by Novoselov and Geim, re-
searchers have been searching for several other 2D mate-
rials that can exist in single layer form such as hexagonal
monolayer crystals III-V binary compounds,7–15 transi-
tion metal dichalcogenides (TMDs)16–19 and the group
IV elements (silicene, germanene, stanene).20–25 Among
these 2D monolayer materials, graphene and silicene are
known to posses semi-metallic character while the mem-
bers of TMDs family compounds generally display semi-
conducting behavior with a band gap of 1-2 eV. In all
of these 2D materials silicene occupies an important po-
sition for the next generation of nanoscale technology
which up to now is mostly based on silicon.
According to its electronic-band structure, graphene
has a semi-metallic character which is not suitable for op-
toelectronic applications. One possible way to open a gap
in the band structure of graphene is to functionalize its
surface with various types of atoms such as H, F and Cl
which were widely studied and successfully synthesized.
It was shown that both full and partial hydrogenation of
graphene leads to semiconducting materials with differ-
ent band gap values.26–28 Similar to the hydrogenation
case, experimental and theoretical studies showed that
the band gap of fluorinated-graphene can alter from 0 to
3 eV depending on the fluorination level.29–33
Silicene, a 2D honeycomb structure of Si atoms with
a buckled geometry, has been attracting great interest
due to its physical properties such as possessing mass-
less Dirac fermions and large spin-orbit coupling result-
ing in an intrinsic band gap.36,37 The buckled structure
of silicene is a consequence of sp2-sp3 hybridization of Si
atoms. This makes the structure of silicene different from
the flat structure of graphene. Another important physi-
cal property of silicene is its high surface reactivity which
widens the methods of manipulating its electronic, mag-
netic and mechanical properties.38 Thus, the function-
alization of its surface and applying external mechanical
strain are some of the widely used ways of controlling the
electronic properties of silicene for its practical usage in
device technology.
After the theoretical prediction and successful synthe-
sis of silicene, researchers have focused on doping,41–46
chemical modification38,47–53 and strain engineering54–65
in order to modify its electronic structure. Studies
have demonstrated that fully hydrogenated silicene is
a semiconductor66–68 while half hydrogenated silicene is
still a semi-metal or direct-gap semiconductor depend-
ing on the hydrogenation configuration.69 Functionaliza-
tion of silicene with halogen atoms (F, Cl, Br and I) was
also considered in several studies for tuning its electronic
structure.70–73 Studies on fully halogenated silicene indi-
cated that it possesses a direct-gap semiconducting char-
acter with various band gap depending on the type of
the halogen atom. Other functionalization methods like
doping organic molecules on hydrogenated silicene have
also been considered.47–50 Moreover, the oxidation of sil-
icene was studied both theoretically and experimentally
by several research groups which is important for the use
of 2D materials in nanoscale device technology.74–79
In this review we summarize the studies on the struc-
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2tural, electronic, optical and mechanical properties of sil-
icene derivatives. This review is organized as follows: We
first provide the physical properties of hydrogenated sil-
icene in Sec. II, the oxidized silicene in Sec. III and the
halogenated silicene in Sec IV. The physical properties of
silicene functionalized with organic molecules are given
in Sec. V while the properties of silicene decorated with
adatoms are given in Sec. VI. Finally we present a brief
summary in Sec. ??
(a) (b) (c)
(d) (e) (f)
a
b
FIG. 1: (Color online) Top and side views of optimized
structures of (a) silicene; (b)-(c) boat-like and chair-like full-
hydrogenated silicene; (d)-(f) zigzag, boat-like and chair-like
half-hydrogenated silicene, respectively. The primitive unit
cell of each structure is shown by red lines. Si and H atoms
are shown in blue and grey, respectively.
II. HYDROGENATED SILICENE
In this section we review the results of studies on hy-
drogenation of silicene. Like C atoms in graphene, Si
atoms in silicene have unpaired electrons which are suit-
able for possible functionalizations. Among these possi-
ble functionalizations, hydrogenation was studied exten-
sively in the literature.69,80–82 It has been shown that two
possible configurations exist for the hydrogenation pro-
cess of silicene, fully-hydrogenation (fH), namely silicane,
and single side hydrogenation, half-hydrogenation (hH),
similar to the case of graphene.
In Fig. 1, possible geometric structures are given for
bare, fully and half hydrogenated silicene crystals. Zhang
et al. investigated the structural properties of fH and
hH cases of silicene by first principles calculations69 and
found that for the silicane structure the chair-like config-
uration (see Fig. 1(c)) is the ground state and it has 30
meV/atom lower energy than the boat-like one (see Fig.
1(b)) as confirmed by total energy calculations. The Si-H
bond length was calculated to be 1.50 A˚ for the chair-
like structure. For the hH silicene they reported that
the zigzag structure (Fig. 1(d)) is the most stable con-
figuration with a total energy of 33 meV/atom and 180
meV/atom lower than the boat-like and chair-like struc-
tures, respectively. In addition, Osborn et al. reported
that the fH silicene structure has a higher buckling than
its bare form.83 They calculated the buckling height of
fH silicene to be 0.74 A˚ while 0.54 A˚ was reported for the
bare silicene case. This structural change occurs due to
the interaction between Si and H atoms which widens the
structure in the vertical direction. The buckling height
of the hH silicene structure is reported to be less than
that of silicane as expected.84
Hydrogenation plays an important role for tuning the
electronic structure of a 2D material. For instance in con-
trast to bare graphene, hydrogenated graphene, namely
graphane, is a semiconductor.85 The same functionaliza-
tion process was studied in the case of silicene. Zhang et
al. reported that the electronic-band structure of silicene
can be tuned through hydrogenation. It was found that
silicane is an indirect-gap semiconductor with its valence-
band maximum (VBM) and conduction band minimum
(CBM) residing at the Γ and M points, respectively. The
band gap of silicene was found to be 2.36 eV within GGA
approximation while it is reported as 3.51 eV by using
HSE06 functional. These results were also predicted and
supported by many other studies.66,68,69,83 In contrast to
silicane, the HH silicene crystal possesses metallic char-
acter in its zigzag structure (see Fig. 2(c)). However, the
other two configurations, boat-like and chair-like struc-
tures, were reported to be direct-gap semiconductors.69
Optical properties of silicane such as its optical ab-
sorption spectrum and dielectric function were investi-
gated in the literature before.70,86 In addition, the optical
properties of bilayer and few layer fH silicene structures
were also predicted.88,89 Chinnathambi et al. studied the
optical properties of silicane by calculating the optical
absorption spectrum.86 They reported that a transition
from semi-metallic to semiconducting behavior is seen.
The reason is the broken pi bonds in silicene due to the
saturation by H atoms. As seen in Fig. 3(a), an ab-
sorption onset at 2.2 eV was predicted which is consis-
tent with the bandgap of silicane as calculated within the
GGA approximation.86 Moreover, Wei et al. investigated
the optical absorption spectra of silicane by GW approx-
imation with random phase approximation (GW+RPA)
and Bethe-Salpeter equation (GW+BSE).70 It was re-
ported that the hydrogenation process removes conduc-
tion at the Dirac point and causes a finite band gap
opening. It was also reported that the GW+RPA and
GW+BSE methods give different absorption spectra due
to the large self-energy correlations of electrons (see Fig.
3(b)). The absorption onset obtained with GW+RPA
is located at about 4 eV consistent with the band gap
value calculated within HSE06 functional.68,69 Including
the excitonic correlations of electrons and holes, within
the GW+BSE approximation, the excitonic effect signif-
icantly shifts the onset of the absorption spectrum to-
wards lower energy (see Fig. 3(b)).
In addition to the electronic and optical properties, the
3(a) (b) (c)
FIG. 2: (Color online) Energy-band structures of (a) bare silicene, (b) chair-like silicane, and (c) zigzag HH silicene (taken
from Ref.)69
FIG. 3: (Color online) Optical absorption spectra of silicane
calculated with (a) GGA approach86 and (b) GW approxima-
tions with (GW+BSE) or without (GW+RPA) considering
excitonic effects (taken from Ref.)87
mechanical properties of silicane were also investigated
theoretically in the previous studies.90–92 Peng et al. re-
ported that the in-plane stiffness (58 N/m) and Poisson
ratio (0.24) values for silicane are reduced by 16% and
26%, respectively, when compared to those of silicene.91
The elastic limits in terms of ultimate tensile strains were
found to be 0.22, 0.28, and 0.25 along armchair, zigzag,
and biaxial directions, respectively. It was reported that
these values increases by 9%, 33%, and 24%, respec-
tively from silicene to silicane. Moreover, Jamdagni et
al. reported that the band gap of silicane reduces to
zero with increasing applied biaxial tensile strain leads
to a semiconducting to metallic transition for silicane.
Their calculations indicated that at 2% of tensile strain,
the magnitude of the bandgap first increases to 2.22 eV
and the indirect band-gap character of silicane changes
to a direct bandgap. Then with every 2% increment of
FIG. 4: (Color online) The strain energy per Si-H pair
as a function of applied uniaxial Lagrangian strain η along
armchair and zigzag directions, and biaxial Lagrangian strain
along both directions (taken from Ref.)91
tensile strain, the band gap decreases nearly by 0.3 eV
and the 22% value of the strain is the critical value for
semiconducting-to-metallic transition.90
FIG. 5: (Color online) Geometric structure of oxygen
molecule adsorption and dissociation on pristine silicene (a)
before and (b) after relaxation (taken from Ref.)79
4III. OXIDATION OF SILICENE
Oxidation has important consequences on the usage of
materials in real life device technologies. Thus, the oxida-
tion processes of both bulk and 2D materials were widely
studied and investigated in previous works. Similar to all
materials, the oxidation of silicene is an important ques-
tion for scientists during the fabrication of silicene-based
devices. Therefore, the possibilities of silicene oxide for-
mation and the effects of oxidation on the physical prop-
erties of silicene were studied both experimentally53,75–78
and theoretically.74,79,93–96
FIG. 6: (Color online) Atomic structures of sSiO with (a) ep-
conformation (O atoms are located as epoxy-pair groups), (b)
a-conformation, and (c) z-conformation (taken from Ref.).93
Liu et al. investigated the oxygen adsorption and dis-
sociation on a free-standing silicene monolayer.79 It was
reported that the O2 molecule dissociates into O atoms
on free-standing silicene and the formation of Si-O com-
pound occurs. Also it was pointed out that the oxidation
of silicene is easy because of the very low energy barrier
for the O2 molecule to dissociate into O atoms. Depend-
ing on the initial vertical distance of the O2 molecule
to the silicene layer, the resultant O atoms can bind to
different sites of silicene. Among these sites the lowest
energy configuration is the one for which the two O atoms
reside on bridge sites of silicene (see Fig. 5(b)). The dis-
sociation of O2 molecule on free-standing silicene is con-
firmed by Ozcelik et al.94 The Si-O bond lengths were
calculated to be 1.71 A˚ and 1.73 A˚ for upper and lower
Si atoms, respectively. The possible migration paths for
an O atom from one bridge site to a neighboring bridge
site exhibit energy barriers of 1.05 eV and 1.18 eV energy
barriers. These are large values as compared to those for
a graphene surface.79 In another study, the single layer
phase of silica, SiO2, was predicted as a stable honey-
comblike structure by Ozcelik et al.95
The effect of oxidation on the electronic properties of
silicene was investigated by Wang et al.93 They studied
fully oxidized silicene with stoichiometric ratio of Si:O
= 1:1. The zigzag ether-like conformation stoichiomet-
ric silicene oxide (z-sSiO) was found to be the ground
(a)
(b)
FIG. 7: (Color online) (a) Energy-band structure of z-sSiO
calculated within GGA and (b) the corresponding partial den-
sity of states (taken from Ref.)93
state configuration (see Fig. 6(c)). The z-sSiO configu-
ration has 14 and 165 meV/atom lower energy than the
a-conformation and the ep-conformation, respectively.
They reported that the z-sSiO structure is a semicon-
ductor with a direct band gap of 0.18 eV as calculated
within the GGA approximation (see Fig. 7(a)) while it
is found to be 1.05 eV when the HSE06 functional is con-
sidered. In addition, Ozcelik et al. reported that single
O adsorption on a silicene layer results in a direct-gap
semiconducting structure with a band gap of 0.21 eV.94
In the study of Ozcelik et al., the new phase of SiO2,
monolayer silica, was found to be a direct-gap semicon-
ductor with a relatively large band gap of 3.3 eV when
compared to O-doped silicene layer.95
Wang et al. studied the mechanical properties of the
stoichiometric SiO structure. They found that the z-
sSiO monolayer has some prominent elastic characteris-
tics, as negative Poisson ratios and exhibits an uncon-
ventional auxetic behavior. When these auxetic materi-
als are stretched in one direction, they become thicker in
the perpendicular direction. The reason for this auxetic
behavior is the assembly of Si-O bonds into bending -O-
network along the y-direction. The mechanical properties
of monolayer silica were investigated in terms of in-plane
stiffness and Poisson ratio.95 It was reported that single-
layer silica has an in-plane stiffness of 22.6 J/m2 which
is smaller than that of graphene. Moreover, the Pois-
son ratio for the monolayer phase of silica was calculated
to be negative like the z-sSiO monolayer. Having nega-
5FIG. 8: (Color online) The electronic band structures (at the left panel) and charge density distributions (at the right panel) of
the CBM (upper) and the VBM (lower) states at the Γ point for (a) F-silicene, (b) Cl-silicene, (c) Br-silicene, and (d) I-silicene
structures. Dashed line indicates the Fermi level and the isosurface value is 0.025 au (arbitrary unit) (taken from Ref.)71
tive Poisson ratio is an important mechanical property
for the usage of a material in biomedical and nanosensor
applications.
IV. HALOGENATED SILICENE
In order to integrate 2D monolayers into nanotechno-
logical devices, fluorination and functionalization with
other halogen atoms are promising methods similar to hy-
drogenation. Experimental and theoretical studies have
shown that the band gap of fluorinated-graphene can
be tuned from 0 to 5.0 eV by changing the fluorination
level29–35 and half-fluorinated graphene was predicted to
be magnetic.97 Similar to the case of graphene, chemical
functionalization of silicene with fluorine (F) and other
halogen atoms (such as Cl, Br, and I) have also been ex-
tensively studied in the literature. Gao et al. reported
that halogenation of silicene opens a band gap with var-
ious gap values depending on the atomic number of the
halogen atoms.71 The obtained band gaps are 1.19, 1.47,
1.95, and 1.98 eV for I, Br, F, and Cl atoms, respectively
as shown in Fig. 8. They also reported that the for-
mation energy increases with the increase in the atomic
number of the halogen atom.
As in the hydrogenation case, several structural con-
figurations (see Fig. 1) were also considered for the halo-
genation of silicene. Ding et al. studied the structural
and electronic properties of fluorinated silicene alongside
with hydrogenated silicene. They reported that the band
gap of the boat-like (Z-line type in the corresponding
study) fluorinated silicene increases almost linearly with
strain, on the other hand, the band gap of the chair-like
structure has a parabolic dependence around the strain
value of  = 0.02.66
FIG. 9: (Color online) Polar diagram for the Poisson ratio,
ν, of halogenated silicene. (a)-(d) Represent the FSi, ClSi,
BrSi and ISi systems, respectively. The angle θ identifies the
extension direction with respect to the zigzag one. ZZ and
AC represent the zigzag and armchair direction, respectively.
The numerical values are represented by different background
colors. Isotropic (anisotropic) behavior is associated with a
circular (noncircular) shape of the νn plot (taken from Ref.)
72
Zhang et al. investigated the geometric and the elec-
tronic structure as well as the mechanical properties of
halogenated silicene XSi (X = F, Cl, Br and I) in various
conformers (as shown in Fig. 1) by using first principles
calculations within DFT. Their results indicated that
halogenated silicene shows enhanced stability as com-
6pared with bare silicene and exhibits a tunable direct
band gap.72 They reported that the chair-like structure
of silicene is the most favorable one for all the halogen
atoms. They also showed that, consistent with the pre-
vious results,71 the formation energy increases when the
atomic number of the halogen atom increases which indi-
cates that fluorination is the most favorable one among
all halogenation. In addition, as shown in Fig. 9, direc-
tion dependent Poisson ratio for different conformers of
the halogenated silicene were calculated and a negative
Poisson ratio was predicted for the boat-like (boat2 struc-
ture in the corresponding study) structure of fluorinated
silicene.72
Moreover, Wang et al. investigated the structural,
electronic and magnetic properties of half-fluorinated sil-
icene sheets by using first principles simulation within the
framework of DFT. They reported that half-fluorinated
(as shown in Fig. 1) silicene sheets with zigzag, boat-like
or chair-like configurations were confirmed to be dynam-
ically stable based on phonon calculations.98 Upon the
adsorption of fluorine, a band gap opening is predicted
in both zigzag and boat-like conformations and they were
found to be direct-gap semiconductors. Moreover, half-
fluorinated silicene with chair-like configuration shows
antiferromagnetic ordering which is mainly induced by
the unfluorinated Si atoms.
Wei et al. investigated the optical properties of fluo-
rinated silicene by using the many-body effects by using
Greens function perturbation theory.70 As in hydrogena-
tion, fluorination of silicene also opens a band gap which
is consistent with the previous studies. They also re-
ported that strong excitonic effects dominate the absorp-
tion properties of hydrogenated, fluorinated silicene, and
silicene nanoribbon with high exciton binding energies.
V. FUNCTIONALIZATION VIA ORGANIC
MOLECULE ADSORPTION
The adsorption of different chemical functional groups
on silicene have potential applications for silicene-based
nanoelectronic devices. Different from the highly sta-
ble planar structure of graphene, the buckled honeycomb
structure of silicene leads to high chemical reactivity for
functional groups. Thus, adsorption of functional groups
could be a prominent method for tuning the electronic
structure of silicene.
Hue et al. investigated the adsorption of NH3, NO and
NO2 on silicene and found that the electronic properties
of silicene are strongly depend on the type of adsorbate.
Their findings revealed a significant potential of silicene
for highly sensitive molecule sensors. In addition, Wen et
al. found high reactivity of silicene towards NO2, O2 and
SO2 molecules.
100 Binding energies of these molecules on
silicene are larger than 1 eV. In contrast, the binding en-
ergies of NO and NH3 are 0.35 and 0.60 eV, respectively.
While the band gap of silicene is enhanced upon adsorp-
tion of NO, O2, NH3, and SO2, it becomes half-metallic
when NO2 is adsorbed. The structural and electronic
properties of diverse molecules adsorbed on silicene were
investigated by van der Waals included DFT.101 Consid-
ered molecules are shown in Fig. 10 and their calculated
adsorption energies vary from -0.11 to -0.95 eV indicating
no adsorption. Moreover, electronic structure in hydro-
genated silicene as well as fluorinated silicene calculations
showed that the calculated band gaps range from 0.01 to
0.35 eV for acetonitrile to acetone, respectively.
FIG. 10: (Color online) Top and side views of relaxed geo-
metric structures of (a) acetone, (b) acetonitrile, (c) ammonia,
(d) benzene, (e) methane, (f) methanol, (g) ethanol, and (h)
toluene molecules on silicene. Blue, green, black, violet, and
red spheres are Si, C, H, N, and O atoms, respectively (taken
from Ref.)101
Recently, Prasongkit et al. investigated the change of
the electronic and transport properties when NO2, NO,
NH3, and CO molecules are adsorbed onto pristine and
B/N-doped silicene.102 Their results showed that NO and
NO2 can be sensitively detected by pristine silicene. On
the other hand, due to the weak interaction of CO and
NH3 molecules with pristine silicene, the possibility of
detection of those gases is relatively low. Increased sen-
sitivity toward NH3 and CO obtained when pristine sil-
icene is doped either by B or N atoms. Quantum con-
ductance properties of CO molecule adsorbed silicene
nanoribbons were investigated by Osborn et al.103 They
showed that the quantum conduction is modified in a
detectable way by weak chemisorption of a single CO
molecule on a silicene nanoribbon. The adsorption of N2
and CO2 molecules do not affect the conductance. How-
ever, O2 and H2O molecules can be strongly chemisorbed
and can diminish the CO detection capability of silicene.
Moreover, they found that CO, O2 and H2O are eas-
ily detectable molecules among CO, CO2, O2, N2, and
H2O. Gurel et al. investigated the interaction of H2, O2,
CO, H2O, and OH molecules with graphene and silicene
96
7and found that H2, O2, and CO remain intact on both
graphene and silicene. When these molecules adsorb at
the vicinity of vacancy centers they can dissociate. The
dissociations of other atoms are hindered by high energy
barriers. Stephan et al. studied adsorption of benzene
molecule on (3×3) silicene which was placed on the (4×4)
Ag (111) surface.104 Their study revealed that benzene
molecule can be chemisorbed on a silicene layer deposited
on Ag(111) through a cycloaddition reaction. They also
showed that, Si (100) and Si (111) surfaces are more re-
active than the other surfaces of the structure. In addi-
tion, Stephan et al. investigated the adsorption charac-
teristics of H2Pc molecule on silicene above Ag (111).
105
They showed that, due to an electostatic or polarization
repulsion between H2Pc molecule and Si surface, H2Pc
molecule adopts a butterfly configuration on this surface.
However, this molecule shows a planar configuration on
the SiC and SiB surfaces. This study revealed the pos-
sibility of chemisorption of such large molecules on the
Si/Ag system.
VI. FUNCTIONALIZATION OF SILICENE VIA
ADATOM DECORATION
Due to the buckled honeycomb structure of silicene, it
is chemically a very active material. In order to main-
tain and tune its electronic properties as required, diverse
growth mechanisms and various substrates were used.
During growth processes the presence of foreign atoms
and cluster formation is inevitable. The quality of fab-
ricated silicene-based devices is strongly affected by the
adsorbed foreign atoms. Therefore, the investigation of
the decoration mechanisms of these atoms on silicene is
quite essential.
Ni et al. investigated the geometric and electronic
properties of silicene with five different transition metal
atoms (Cu, Ag, Au, Pt, and Ir) adsorbed at different
coverages by using first principle methods.43 Optimized
geometric structures of Cu-covered silicene with different
covarages are shown in Fig. 11. Similiar to Cu, favorable
geometric configuration of Ag , Au, Pt, and Ir atoms is
the center of silicene hegzagons. A sizable band gap can
be opened without degrading the electronic properties
at the Dirac point of silicene when these atoms are ad-
sorbed. Adsorption characteristics of the metal atoms are
given in Fig. 12. As shown in the figure, a band gap open-
ing occurs in all the considered coverages and the value
of the gap increases from 0.03 to 0.66 eV with increas-
ing coverage range. Using the method of the adsorption
of different transition metal atoms on different regions
of silicene, they designed a silicene p-i-n tunnelling field
effect transistor.
The adsorption characteristics and the stability of Li
atoms on silicene was investigated by first principles
calculations.106,107 It was reported that, Li adsorbed sil-
icene compounds are energetically favorable and fully
lithiated silicene (silicel) is the most stable form among
FIG. 11: (Color online) Optimized geometric structures of
Cu-covered silicene with a coverage of N = 3.1% (a), 5.6%
(b), 12.5% (c), 16.7% (d), and 50.0% (e). (f) Top and side
views of a Cu-covered silicene supercell. The parallelograms
show the unit cell for each structure and the parameters d0
and d1 demonstrate the buckling of siilicene and the height
of Cu atom to upper Si atom, respectively. The distance d2
represents the distance from the adsorbed atom to the upper
Si atom in silicene (taken from Ref.)43
them. The stability of the silicene sheet in the presence
of completely adsorbed lithium atoms on the atom-down
sites of both sides (Fig. 13) was confirmed by molecu-
lar dynamic simulations conducted at elevated temper-
atures. Lithiation can be used to tune the band gap of
silicene and complete Li adsorption results in a band gap
of 0.368 eV
Quhe et al. examined the gap opening in silicene in the
presence of single-side adsorption of alkali atoms such as
Li, Na, K, Rb, and Cs.42 They showed that the band
gap of silicene can be tuned by alteration of adsorption
coverage resulting in a band gap up to 0.5 eV. Moreover,
quantum transport simulation of a bottom-gated FET
based on a Na-covered silicene was also conducted and
a transport gap with an on/off current ratio up to 108
was predicted. The electronic structure, mechanical sta-
bility, and hydrogen storage capacity of strain induced
Mg functionalized silicene (SiMg) and silicane (SiHMg)
monolayers have been investigated by Hussain et al.108
Their results revealed that high doping concentration of
Mg atom can be obtained on both monolayers by biaxial
symmetric strain up to 10%. The adsorption energy of
H2 molecules on silicene was found to be ideal for the ap-
plication in hydrogen storage devices. Li, Na, K, Be Mg
and Ca adsorbed silicene sheets were studied to investi-
gate their hydrogen-storage capacity.109 It is found that
Li and Na atoms have strong metal-to-substrate binding
and they are suitable for high-capacity storage of hydro-
gen. Using DFT calculations, the effects of an external
electric field on the adsorption-desorption of H2 on a Ca-
decorated silicene system was studied.110 Doubled bind-
ing energy enhancement is observed for H2 when 0.004 au
8FIG. 12: (Color online) Calculated adsorption energy (per
atom) (a), band gap at the Dirac point (b), global band gap
(c), Fermi level shift of metal covered- silicene (d), work func-
tion (the horizontal dashed line shows the work function of
pure silicene) (e), and effective mass of holes of the metal cov-
ered silicene (f) as a function of coverag (taken from Ref.)43
FIG. 13: (Color online) Optimized geometric structure of
fully lithiated silicene (silicel) (taken from Ref.)106
external electric field was applied on the Ca-silicene sys-
tem. On the other hand, when -0.004 au external electric
field was applied to the system, the binding of 9H2 on Ca-
monolayer or bilayer silicene system is getting weaker.
VII. SUMMARY
Functionalization of 2D materials is an efficient way to
tailor their electronic, optical and mechanical properties.
Silicene, with its highly-reactive surface structure, is a
good candidate for various functionalization techniques
and have been widely studied by the researchers. Recent
studies have demonstrated that hydrogenation and halo-
genation of silicene can tune the electronic-band struc-
ture from semi-metal to semiconductor. However, by
single-side adsorption of alkali atoms, Li, Na, K, Rb, and
Cs, only a relatively small band gap opens. Opening a
gap in silicene is rather important for its potential usage
of the material in optoelectronic applications. In addition
to its electronic properties, chemical functionalization of
silicene can also change the Poisson ratio from positive
to negative values which is important for applications in
biomedicine and nanosensors. Like other 2D monolayer
materials, the electronic, optical and mechanical proper-
ties of silicene could be tuned by chemical functionaliza-
tion to integrate it into nanotechnological device appli-
cations.
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